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2a Saturday, February 7, 2015and cholesterol content have a profound effect on the sequestration of integrins
in raft-mimicking lipid mixtures.1,2 These experimental findings can be ex-
plained on the basis of hydrophobic matching arguments and domain-specific
lipid packing conditions. The described model membrane approach is also
applied to investigate the oligomerization and sequestration behavior of GPI-
anchored urokinase plasminogen activator receptor (uPAR). Here native li-
gands, but not cholesterol content, were found to impact dimerization level
and sequestration of uPAR in raft-mimicking lipid mixtures.3 Corresponding
experiments on mixtures of integrins and uPAR also illustrate the formation
of integrin-uPAR complexes with distinct sequestration properties. Notably,
these findings support a mechanism, in which GPI-anchored proteins cause
the translocation of transmembrane proteins to lipid rafts.
1) Siegel, A. P. et al. (2011) Biophys. J. 101, 1642.
2) Hussain, N. F. et al. (2013) Biophys. J. 104, 2212.
3) Ge, Y. et al. (2014) Biophys. J. (in press).
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Curved membranes are an essential feature of dynamic cellular structures
including endocytic pits, filopodia, viral buds, and most organelles. Proteins
with specific, curvature-promoting structural motifs, such as crescent-shaped
BAR domains and amphipathic helix insertions, have been identified, yet
we lack an understanding of how they function in the complex cellular envi-
ronment. Based on in vitro and live cell experiments, we demonstrate an addi-
tional mechanism of membrane bending that originates from the crowded
nature of cellular membrane surfaces - protein-protein steric pressure. Specif-
ically, using fluorescence and electron microscopy to correlate membrane cur-
vature with the density of membrane-bound proteins, we demonstrate that
lateral pressure generated by protein-protein collisions is a potent driver of
membrane bending. These findings reveal an efficient mechanism by which
the crowded protein environment on the surface of cellular membranes can
be manipulated to define membrane shape. More specifically, results of live
cell studies suggest that the shape and molecular content of clathrin-coated
pits are strongly influenced by a balance of steric pressure on the two sides
of the plasma membrane.
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We have shown that a spatially localized transmembrane pH gradient, produced
by HCl micro-injection near the external surface of cardiolipin(CL)-containing
giant unilamellar vesicles (GUVs), promotes the formation of tubules that
retract after collapse of this gradient. Such tubules have morphologies similar
to mitochondrial cristae. The tubulation effect is due to direct phospholipid
packing modification in the outer leaflet, that is associated with protonation
of CL headgroups (1). We have also compared the case of CL-containing
GUVs with that of phosphatidylglycerol (PG)-containing GUVs. Local HCl
micro-injection also promotes formation of tubules in the latter. However,
compared to CL-containing GUVs the tubules are longer, undergo a visible
pearling and have a much longer retraction time after acid micro-injection is
stopped (2). We attribute these differences to an additional mechanism that in-
creases monolayer lipid density imbalance, namely inward PG flip-flop pro-
moted by the local transmembrane pH-gradient. Simulations using a fully
non-linear membrane model, that describes the bilayer by its midsurface shape
and by a lipid density field for each monolayer (3), confirm this hypothesis.
Interestingly, among yeast mutants deficient in CL biosynthesis, only the
crd1-null mutant, which accumulates PG, displays significant mitochondrial ac-
tivity, in agreement with our data. Our work emphasizes the importance of the
transmembrane proton gradient in cristae morphology as well as the salient role
of specific lipids in mitochondrial function.1. Khalifat, N., N. Puff, S. Bonneau, J. B. Fournier, and M. I. Angelova. 2008.
Biophys. J. 95:4924-4933.
2. Khalifat, N. ; Rahimi, M.; Bitbol, A. F.; Seigneuret, M.; Fournier, J. B.; Puff,
N.; Arroyo, M.; Angelova, M. I. 2014 Biophys. J. 107: 879-890
3. Rahimi, M. and Arroyo, M., 2012. Physical Review E, 86: 011932.
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In cells, membranes are highly bent in many places in order to fulfill different
functions. This is the case of membrane trafficking, which is accompanied by
the formation of tubes or vesicles with diameter below 100 nm that transport
proteins and lipids throughout the cell. Moreover, during vesicle budding, cur-
vature at the neck becomes even higher before final scission. Structures at the
cell periphery, such as lamellipodia’ edge or filopodia used for migration and
environment sensing, also exhibit high membrane curvatures. Many peripheral
or integral proteins have an intrinsic shape that produces membrane bending
or can deform membrane upon binding. In membrane physics, this property is
described by a phenomenological parameter, the protein spontaneous curva-
ture Cp, which represents the capability of the protein to produce membrane
spontaneous bending. It is expected that proteins that deform membranes can
reciprocally be enriched in curved areas. We have addressed the question of
the role of membrane curvature in protein sorting both experimentally and
theoretically. We have tested the sorting hypothesis using in vitro membrane
system (GUV) and different proteins with positive Cp (BAR-domain), nega-
tive Cp (I-BAR-domain) and with integral proteins reconstituted in the
GUVs (a potassium channel KvAP). Membrane nanotubes with a controlled
diameter (15-500 nm) are pulled out of the GUV with optical tweezers; the
relative protein sorting is measured as a function of curvature (inverse of
tube radius) from fluorescence measurements with a confocal microscope.
We show that our mechanical model based on spontaneous curvature induc-
tion is in good agreement with these experiments. All together, this demon-
strates that membrane shape is an important parameter that might drive the
lateral distribution proteins in membranes, independently of more specific
sorting mechanisms.
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The recruitment of many cytosolic factors is regulated by the lipid composition
but also by the shape of organelles membrane. Ten years ago, we identified in
ArfGAP1 a motif of 30 amino-acids termed ALPS that allows this protein to
detect the positive curvature of the COPI vesicles at the end of their biogenesis
and to trigger the depolymerisation of coat proteins wrapping these vesicles.
We found that the ALPS motif folds into a peculiar amphipathic helix whose
insertion into membrane depends on defects in lipid-packing induced by curva-
ture. ALPS motifs were next identified in various proteins such as GMAP-210,
a membrane tethering factor, or Osh4p, a sterol/PI(4)P exchanger. Different
studies illustrated how membrane curvature regulates the activity of these pro-
teins. At a more atomistic level, we gained results that explain why the ALPS
motif is so sensitive to lipid-packing defects and membrane curvature. We first
indicated that the lack of basic residues in the polar face of the ALPS motif ex-
plains its sensitivity to curvature of cellular membrane. Next, molecular dy-
namic simulations suggested that the insertion of the ALPS motif, solely
mediated by the insertion of bulk hydrophobic residue, directly depends on
the pre-existence of lipid-packing defects in membrane. More recently, NMR
studies in a membrane environment showed that the ALPS motif of ArfGAP1
folds into a helix displaying a not well-defined central region between two he-
lical fragments. The stability of ALPS helix was also assessed by replica-
exchange molecular dynamics simulations. Jointly, these results suggest that
the sequence of an ALPS motif codes for a loose and non-canonical amphi-
pathic helix whose features are perfectly well adapted for responding to change
in membrane curvature.
